Poly(diallyldimethylammonium chloride) solution (PDDA, 35 wt% in H 2 O), tetraethylene glycol (TEG, 99%) and Nafion ® perfluorinated resin solution (5 wt% Nafion ® solution, 20 wt% Nafion ® solution) were purchased from Sigma-Aldrich Co. LLC, United States. Tris(2,4pentanedionato)iridium(Ⅲ) (Ir acac, Ir: 38.0-41.0%) was purchased from Tokyo Chemical Industry Co., Ltd., Japan. Ethanol (EtOH, 99.5%), 1-propanol (NPA, 99.5%), 2-propanol (IPA, 99.7%) and perchloric acid (HClO 4 , 60.0-62.0%) were purchased from FUJIFILM Wako Pure Chemical Corporation, Japan. Iridium black (99.8%) was purchased from Alfa Aesar. United
catalyst ink was drop cast onto a GCE, which was dried at room temperature with rotation at a speed of 600 rpm. A GCE for Ir black (AA) was prepared using almost the same method. The Ir loading for the Ir/SiO 2 and Ir black (AA) electrodes was 9.3 μg/cm 2 and 10.0 μg/cm 2 , respectively. All electrochemical characterization of the catalysts was performed in 0.1 M HClO 4 aq. at room temperature with an electrochemical measurement system HZ-7000 (HOKUTO DENKO CORPORATION, Japan) using a reversible hydrogen electrode (RHE) as reference electrode and platinum electrode as counter electrode. The electrochemical surface area (ECSA) and OER activity of the catalysts were evaluated using cyclic voltammetry (CV) and IR measurement. A potential range of 0.05-1.5 V was used for the pretreatment, 5 0.05-1.0 V for ECSA by the hydrogen desorption of metallic Ir, 0.4-1.4 V for ECSA by the capacitance of IrO 2 and 1.2-1.8 V for OER. Pretreatment was performed to oxidize the surfaces of the catalysts by CV of 50 cycles at a scan rate of 500 mV s −1 . 5 The ECSA was calculated from the capacitance of IrO 2 after the pretreatment of both Ir/SiO 2 and Ir black (AA). The capacitances were calculated from the average values of the absolute current for the anodic and cathodic sweeps; these values were then converted to an ECSA using the specific capacitance of IrO 2 (100), 650 of μF cm −2 . 6, 7 Fig. S2(a) and (b) shows cyclic voltammograms with various potential sweep rates, from which the average anodic and cathodic currents were calculated using the currents at 0.65-0.75 V, as shown in Fig. S2(c) . For comparison, the ECSA of Ir/SiO 2 was calculated using another method based on the charge of the hydrogen desorption before the pretreatment with a conversion factor of 179 μC cm Ir −2 . 8, 9 The charge was calculated from the anodic current of the peak near 0.1 V after correcting for double layer charging by subtraction of the current at 0.3 V from the total current. CVs for OER were measured at a scan rate of 10 mV s −1 and rotation speed of 1600 rpm for 10 cycles. IR-free OER curves were obtained by averaging the current densities of the anodic and cathodic scans, and then removing the overpotential due to an ohmic resistance, which is dependent on the concentration of electrolyte, the distance between electrodes, and so forth. The overpotential was calculated by multiplying the measured current (I) and cell resistance (R) using the cyclic voltammetry and the solution resistance measurement, respectively. Subsequently, the IR-free curves were obtained by subtracting the overpotential from the measured potential, as shown in following literature. Mass activities for the OER were calculated using the IR-free currents at 1.48 V and the Ir loading on the electrode (9-10 μg cm −2 ). The OER performance was evaluated based on the highest performance in 2-10 cycles for each catalyst: 2nd cycle for Ir/SiO 2 , 5th cycle for Ir black (AA). The Tafel slope for the catalysts was calculated using Tafel plots for the IR-free OER curves in the low current density region below 1 mA cm −2 .
MEA measurements
A 3.5 cm square Nafion ® membrane N115 was treated in 1 M HNO 3 aq. at 90 °C for 2 hours; then, the membrane was cleaned in RO water (12.8 MΩ cm, supplied by Elix 3UV Essential, Merck Millipore) at 100 °C for 1 hour. The membrane electrode assembly (MEA) was made by using the treated Nafion ® N115 as electrolyte membrane, Ir/SiO 2 as anode catalyst, Pt/C as cathode catalyst and Nafion ® solution as ionomer. An ink of the anode catalyst was prepared by mixing Ir/SiO 2 (60 mg), 20 wt% Nafion ® solution (11.25 mg), IPA (6.6 mL) and RO water (8.4 mL) with ultrasonication for a few hours, followed by treatment in an autoclave at 200 °C for 20 hours to ensure the formation of a uniform ionomer coating on the catalyst. After ultrasonication for 1 hour, the obtained ink was coated onto the membrane with a catalyst layer size of 5 cm 2 with a spray method using a pulse spray system (Nordson Corporation, United States). An ink of the cathode catalyst was prepared by mixing Pt/C (2 g), RO water (8.5 g), 20 wt% Nafion ® solution (5.3 g), NPA (8.5 g) and IPA (8.5 g) with ball milling at a rotating rate of 200 rpm for 1 hour using zirconia balls with a diameter of 5 mm. A cathode catalyst layer was prepared using a decal method using the ink, which was then attached onto the opposite side of the membrane by pressing at 5.11 kN at 135 °C for 5 min to obtain an MEA. An electrolyzer cell (FC Development Co., Ltd., Japan) was set up with the MEA using carbon paper (SGL carbon, Germany) as a porous transfer layer. Electrochemical impedance spectroscopy (EIS) was measured using an electrochemical interface SI 1287 and impedance/gain-phase analyzer SI 9 100 kHz. Water electrolysis was measured using battery charge/discharge system HJ1010SD8 (HOKUTO DENKO CORPORATION) from 0.1 A cm −2 to 1.1 A cm −2 with each current density value held constant for a few minutes. The EIS and water electrolysis performance of the cell was measured at 80 °C with water circulating in the anode flow channel at a flow rate of 10 mL min −1 . 
